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1. Introduction
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iMARS – Background
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• international Mars 

Architecture for the Return of 

Samples

• Originally chartered by 

IMEWG in 2006 to develop a 

plan for Mars Sample Return 

Mission Architecture

– IMEWG: International Mars 

Exploration Working Group
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iMARS Phase I – Reference Architecture
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“2 + 1” approach highlights the importance of the post-return 

segment  ground operations are integral part of the mission
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iMARS Phase I – Recommendations
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• Multinational mission will require multinational coordination 
to accomplish

• Need to define an International MSR Science Institute

“IMSI” Concept

• Not everyone with an excellent science investigation would 
be able to work at the return facility

• How do we keep the samples from becoming “stuck in 
containment?”

Distributed vs. On Site Needs
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iMARS Phase II: Statement of Task (Engineering)

“Propose a baseline implementation approach for MSR… 
identify[ing] critical challenges and opportunities.”
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iMARS Phase II: Statement of Task (Science)

“The science team will presuppose successful identification 
and collection of a set of samples … [and] … develop the 

framework of a sample science management plan.”
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2. MSR Status and Assumptions
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E2E-iSAG MSR Objectives (2011)
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Advances Since 2008
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Lessons From Previous Sample Return Missions
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Storage / Quarantine / Curation

• No quarantine or planetary 
protection since Apollo

Preliminary Examination

• Detailed investigation flow 
based on sample suite

Sample Return Facility

• sets expectation for level of 
technology found behind 
containment 

Technical Support

• staffing and institutional needs
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Planetary Protection Considerations
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MSR campaign will not be optimized for extant 
life detection

Returned samples must still be treated as 
though they may contain life

Need to balance desires of science community 
with planetary protection requirements
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3. MSR Campaign Architecture and Implementation

14
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Focus Areas (Engineering)
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“Propose a baseline implementation approach for MSR… 
identify[ing] critical challenges and opportunities.”

(1) IMPLEMENTATION

• a

• What is the overall campaign 
architecture?

• a

(2) TECHNOLOGIES

• a

• What technologies are required to 
implement it?

• a

(3) TIMELINE

• A

• When can it be implemented?
• A

(4) CAMPAIGN MANAGEMENT

• A

• How can it be coordinated?

• a
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MSR Baseline Requirements Affecting Engineering

• CR-1
– MSR shall collect samples of rock, granular materials (regolith, dust) from various 

regions of scientific interest, and atmospheric gas.

• CR-2
– MSR shall collect in-situ information for sample selection and establishment of its 

geological context.

• CR-3
– MSR shall return to Earth a minimum of 500 g sample mass.

• CR-4
– MSR shall maintain the scientific integrity of samples from collection on Mars 

through containment on Earth.

• CR-5
– All MSR flight and ground elements shall meet planetary protection requirements 

for Category V, restricted Earth return, established by COSPAR (see Appendix 6.2).

16
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MSR Architectural Options
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Mars Sample Return Reference Architecture (3+1)
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MSR Architecture Reference - SCR

Sample Caching Rover (SCR) element:
• Earth-Mars cruise stage 

• Entry-descent-landing (EDL) system

• mobile rover with a science & sampling payload

• cache transfer assembly (CTA)
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Sample Retrieval & Launch (SRL) element:
• Earth-Mars cruise stage

• EDL system

• Sample retrieval system

• Mars ascent vehicle (MAV)

• Orbiting Sample container (OS)

MSR Architecture reference - SRL
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Sample Return Orbiter (SRO) element:

• Orbiter with a rendezvous sensor suite and a capture mechanism

• Bio-Containment system

• Earth Re-entry Capsule (ERC)

• Propulsion module

MSR Architecture reference - SRO

ERC hard landing

Re-entry capsule

Sample handling & biosealing
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Notional Campaign Timeline (2031 Sample Return)
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Sample Receiving Facility: Basic Requirements
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Rummel et al. (2002)

Major challenge: Must combine elements of positive- and 

negative-pressure environments
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SRF Design Considerations
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SRF: Development Timeline
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2019

2031
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4. Sample Science Management Plan

26
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Focus Areas
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Assuming we are returning samples safely from Mars, 
how are we going to deal with them when we get them back?

(1) ORGANIZATION

• a

• aOutlines general institute 
structure and needs for facilities

• a

(2) SCIENCE MANAGMENT

• A

• ADefines scientific leadership, 
institute membership and funding

• a

(3) SCIENCE OPERATIONS & DATA

• A

• ASets plan for sample access and 
scientific investigation

• A

(4) CURATION PLAN

• A

• AFocuses on sample handling, 
storage, and distribution

• a
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Focus Areas
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Focus Areas

29

Assuming we are returning samples safely from Mars, 
how are we going to deal with them when we get them back?

(1) ORGANIZATION

• a

• aOutlines general institute 
structure and needs for facilities

• a

(2) SCIENCE MANAGMENT

• A

• ADefines scientific leadership, 
institute membership and funding

• a

(3) SCIENCE OPERATIONS & DATA

• A

• ASets plan for sample access and 
scientific investigation

• A

(4) CURATION PLAN

• A

• AFocuses on sample handling, 
storage, and distribution

• a



PRE-DECISIONAL FOR DISCUSSION PURPOSES ONLY

30

Proposed Organizational Structure
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Proposed Organizational Structure

Key Stakeholders: agency / government representation

On-Site Technical Branches: institute employees

Oversight: independent bodies

Distributed Institute Teams: international experts



PRE-DECISIONAL FOR DISCUSSION PURPOSES ONLY

32

Proposed Organizational Structure

Board of Directors

Employees

Audit Committees

Consultants
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Opportunities for Science Participation
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Objective: Ensure that there are several “entry points” for community 

members to become participants in the process
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Focus Areas
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Preliminary Sample Analysis

Initial analysis will follow a pre-designated and peer-
reviewed protocol

• this should be our starting place

BSL-4 unlike most others – no bugs out OR in 

• best model may be forensic science facilities 

SCF instrumentation chosen ≥2 years in advance limiting 
ability to carry out state-of-the-art preliminary 
examination

• Adaptability of facility design/infrastructure will be very 
important

Preliminary analyses carried out in SCF will need to 
satisfy both Planetary Protection and Science needs

• PP and preliminary science investigations are highly 
complementary and inform each other
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Preliminary Sample Analysis (General Flow)

• Conducted within containment at SCF; initially protocol-dominated

• SCF staff-dominated (MSPET), with some incorporation of Guest / 

External scientists

Hardware Samples Distribution / Archiving
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Preliminary Sample Analysis (Detailed Flow)
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Science Access and Allocation: Process

Sample Allocation Assessment: a two-stage process
• Stage 1 – Sample Availability Determination

• Enquiries about sample availability – review focuses on availability, lab 
verification and validation, management plan, consistency with 
published sample strategy plan, etc.

• Stage 2 – Formal Sample Request 
• formal requests with evidence of funding, and  peer review, updates 

from enquiry, etc. – review focuses on consistency with initial enquiry, 
changed circumstances, etc. – philosophy is that if all thing went 
according to plan, samples will be made available

Sample Allocation Structure
• Sample Allocation Committees (SAC ) 

• one for each sample “suite” (e.g., SAC-Ign, SAC-Sed, etc.) – approves 
normal requests – composed of Discipline Curator, Discipline Staff 
Scientist, Specialist scientists

• Sample Allocation Review Board (SARB) 
• deal with appeals, special requests – composed of Curator, Science 

Director, Outside scientists
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Increased Complexity of Sample Curation

Yes No

No YesW
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Within Facility?

Yes No

Within Facility?

EG. Apollo Samples Mars Samples

Will require dedicated, 
permanent curatorial staff
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Sample Tracking and Routing

Samples will need to be tracked within, leaving, and re-entering 

the SCF

• Curation and tracking of “destroyed” or “altered” samples

• Avoidance of sample cross-contamination

• “Waste” samples still have scientific value

• Complexity of sub-sample multiplication

• One sample goes out → TBD number of samples are returned

• Samples are returned in non-original state, have been studied at different 

labs etc.

• Ensuring external laboratories maintain sample handling and curatorial 

protocols e.g. cleanliness, documentation

We have developed a high-level routing protocol for samples 

going OUT of the SCF and returning IN to the SCF
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Sterilization Techniques

Assumption that samples are hazardous
• Until proven to be non-hazardous, samples must be rendered safe by some sterilisation 

method in order to be released from containment

Two key issues need to be addressed
• 1) what technique(s) should be used?

• 2) which samples/how much sample should be sterilised?

Some previous work has been carried out in this area → 
investigation of gamma-ray effects on rock, minerals 
(Allen et al. JGR, 1999)

• Unclear how γ-ray sterilisation could affect key science objectives e.g. 
analyses of organics, isotope geochemistry

• Other sterilisation methods are available, all have advantages and 
disadvantages

• Techniques for sterilisation of samples is a key issue and requires further 
attention

• Important implications for SCF requirements going forward
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Archive/Posterity Samples

iMARS Phase I recommendation of 40 % ‘archive’ sample 
remains valid

– Which 40 % is chosen is an open topic

• 40% of everything?, 40 % of certain samples?

– Archive sampling recommendations will be defined before and during 
sample acquisition and preliminary investigation

– Should some samples remained unopened (‘pristine’)?

• As above → which, how many?

• ‘Blank’ samples will be important in this context
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5. Conclusions and Recommendations
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Summary & Conclusions
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• MSR requires extensive international collaboration

• Successful partnership relies on early and binding long-
term commitments

Programmatics

• 10+ years from conception to operational readiness

• 3+1 architecture provides flexibility in responsibilities and 
failure mitigation

Technology

• Science, safety, and curation must be considered together

• Key requirements and protocols require formal definition

Sample Management
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Key Recommendations
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1. Planetary Protection Protocol
– should be produced as soon as possible

– international task force should be created

2. Sterilization Protocol
– methods and doses required to adequately sterilise samples returned from 

Mars must be defined

– international working group should be tasked, or individual agencies should 
fund extensive research

3. Institute and SRF require 12 year lead time
– stepwise development will be required

4. MAV and “Break-the-Chain” require focused development
– technology has advanced significantly, but still a few steps to go…


